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(54) OPTICAL PICKUP AND ITS WAVE FRONT ABERRATION CORRECTING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To appropriately correct 
wave front aberration caused in an optical system by a 
liquid crystal element without being affected by a 
quarter wave plate disposed on an optical path from a 
light source via a recording medium to a light detector. 
SOLUTION: A liquid crystal element A4 is disposed at an 
advancing light path (a first light path) from the laser 
light source 1 to an optical disk 8 so as to align a liquid 
crystal in a polarization direction of light made incident 
into the optical disk 8 to correct the aberration of 
advancing light Separately from the liquid crystal 
element A4, a liquid crystal element B10 is additionally 
disposed at returning light path (a second light path) 
from the quarter plate 5 to the light detector 13 so as to ^V^VCT^ 
align the liquid crystal in the polarization direction of ^. fw^H 
returning light to correct the aberration of the returning 
light. Thus, since the polarization states of advancing 
light and returning light are different from each other by 
90 degrees, respective aberrations are independently 
corrected. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1] The optical pickup characterized by what the 2nd liquid crystal device for wave 
aberration amendment was prepared for in the 2nd optical path to a photodetector from said 
optical recording medium while preparing the 1st liquid crystal device for wave aberration 
amendment in the 1st optical path to an optical recording medium from said light source in the 
optical pickup of the information recorded on said optical recording medium by carrying out 
incidence of the light from the light source to an optical recording medium, and detecting the 
reflected light with a photodetector reproduced at least. 

[Claim 2] The objective lens for making the information recording surface of said optical 
recording medium condense the light by which outgoing radiation was carried out from said light 
source, While being arranged between the phase control component arranged between said light 
sources and objective lenses, and said light source and phase control component and leading the 
light from said light source to an optical-recording-medium side It is the optical pickup according 
to claim 1 characterized by having the optical branching component which leads the reflected 
light from said optical recording medium to said photodetector, arranging said 1st liquid crystal 
device between said light sources and objective lenses, and arranging said 2nd liquid crystal 
device between said phase control components and photodetectors. 

[Claim 3] It is the optical pickup according to claim 2 characterized by having arranged said 1st 
liquid crystal device so that orientation of the liquid crystal may be carried out in the polarization 
direction of the light which carries out incidence to said optical recording medium, and having 
arranged said 2nd liquid crystal device so that orientation of the liquid crystal may be carried out 
in the polarization direction of the light which carries out incidence to said photodetector. 
[Claim 4] Said the 1st liquid crystal device and 2nd liquid crystal device are an optical pickup 
according to claim 2 characterized by being arranged between said phase control component and 
an optical branching component 

[Claim 5] It is the optical pickup according to claim 2 characterized by arranging said 1st liquid 
crystal device between said phase control component and an optical branching component, and 
arranging said 2nd liquid crystal device between said optical branching components and 
photodetectors. 

[Claim 6] It is the optical pickup according to claim 2 characterized by arranging said 1st liquid 
crystal device between said light source and an optical branching component, and arranging said 
2nd liquid crystal device between said optical branching components and photodetectors. 
[Claim 7] The optical pickup according to claim 1 characterized by consisting of a liquid crystal 
device with which said the 1st liquid crystal device and 2nd liquid crystal device were united by 
sharing a middle substrate. 

[Claim 8] Said phase control component is an optical pickup according to claim 2 characterized 
by being a quarter-wave length plate. 

[Claim 9] Said optical branching component is an optical pickup according to claim 2 
characterized by being a polarization beam splitter. 

[Claim 10] Said optical recording medium is an optical pickup according to claim 1 characterized 
by being a disk mold medium. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web.cgi_eije?u=http%3A%2F%2Fwww4.ipdl.... 2005/02/16 



2/2 ^— v 



[Claim 11] Said light source is an optical pickup according to claim 1 characterized by being the 
laser light source. 

[Claim 12] By carrying out incidence of the light from the light source to an optical recording 
medium, and detecting the reflected light with a photodetector In the wave aberration 
compensator of the optical pickup of the information recorded on said optical recording medium 
reproduced at least The wave aberration compensator of the optical pickup characterized by 
having the 1st liquid crystal device for wave aberration amendment arranged at the 1st optical 
path to an optical recording medium from said light source, and the 2nd liquid crystal device for 
wave aberration amendment arranged at the 2nd optical path to a photodetector from said 
optical recording medium. 

[Claim 13] An objective lens for said optical pickup to make the information recording surface of 
said optical recording medium condense the light by which outgoing radiation was carried out 
from said light source, While being arranged between the phase control component arranged 
between said light sources and objective lenses, and said light source and phase control 
component and leading the light from said light source to an optical-recording-medium side It 
has the optical branching component which leads the reflected light from said optical recording 
medium to said photodetector. It is the wave aberration compensator of the optical pickup 
according to claim 12 characterized by arranging said 1st liquid crystal device between said light 
sources and objective lenses, and arranging said 2nd liquid crystal device between said phase 
control components and photodetectors. 

[Claim 14] It is the wave aberration compensator of the optical pickup according to claim 13 
characterized by having arranged said 1st liquid crystal device so that orientation of the liquid 
crystal may be carried out in the polarization direction of the light which carries out incidence to 
said optical recording medium, and having arranged said 2nd liquid crystal device so that 
orientation of the liquid crystal may be carried out in the polarization direction of the light which 
carries out incidence to said photodetector. 

[Claim 15] Said the 1st liquid crystal device and 2nd liquid crystal device are the wave aberration 
compensator of the optical pickup according to claim 13 characterized by being arranged 
between said phase control component and an optical branching component. 
[Claim 16] It is the wave aberration compensator of the optical pickup according to claim 13 
characterized by arranging said 1st liquid crystal device between said phase control component 
and said optical branching component, and arranging said 2nd liquid crystal device between said 
optical branching components and photodetectors. 

[Claim 17] It is the wave aberration compensator of the optical pickup according to claim 13 
characterized by arranging said 1st liquid crystal device between said light source and an optical 
branching component, and arranging said 2nd liquid crystal device between said optical branching 
components and photodetectors. 

[Claim 18] The wave aberration compensator of the optical pickup according to claim 12 
characterized by consisting of a liquid crystal device with which said the 1st liquid crystal device 
and 2nd liquid crystal device were united by sharing a middle substrate. 

[Claim 19] Said phase control component is the wave aberration compensator of the optical 

pickup according to claim 13 characterized by being a quarter-wave length plate. 

[Claim 20] Said optical branching component is the wave aberration compensator of the optical 

pickup according to claim 13 characterized by being a polarization beam splitter. 

[Claim 21] Said optical recording medium is the wave aberration compensator of the optical 

pickup according to claim 12 characterized by being a disk mold medium. 

[Claim 22] Said light source is the wave aberration compensator of the optical pickup according 
to claim 12 characterized by being the laser light source. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical pickup used for various optical 
recording and/or regenerative apparatus, such as an optical disc system, an optical MAG disc 
system, and an optical card system, and its wave aberration compensator. 
[0002] 

[Description of the Prior Art] In recent years, in order to raise the storage capacity of an optical 
disk in various kinds of record/regenerative apparatus using an optical disk, the semiconductor 
laser (LD) of short wavelength is used as the light source of an optical pickup, and the lens with 
a numerical aperture NA high as an objective lens is used. That is, with CD, with 780nm and 
DVD, like 650nm, the wavelength of the laser used for the light source of an optical pickup is 
short as recording density becomes high. On the other hand, NA of an objective lens is large as 
recording density becomes high like [ NA / in CD it is called 0.45, and / DVD ] 0.60. Moreover, 
recently, the high NA objective lens 0.85 is used for development of an optical disk with LD of 
the purple-blue color of 405nm. 

[0003] However, if the wavelength of LD becomes short in this way and NA of an objective lens 
becomes large, wave aberration will increase easily to various manufacture errors, and the 
problem that optical-character ability deteriorates will arise. Then, more various approaches than 
before can be considered as an approach of amending this wave aberration, and there is a 
method of using a liquid crystal device for one of them. This inserts a liquid crystal device 
between laser and an objective lens, and gives desired phase distribution to the transmitted light. 
That is, a non-aberration condition is acquired in respect of image formation by giving a phase 
contrary to wave aberration beforehand to the incident light of an objective lens. 
[0004] Hereafter, how to give phase distribution to the transmitted light by the liquid crystal 
device is explained. First, the glass flat-surface substrate is usually used for two substrates 
which generally close the liquid crystal molecule of a liquid crystal device, and the electrode is 
formed in these glass substrates so that an electrical potential difference can be impressed to 
liquid crystal. And the liquid crystal molecule by which the closure is carried out into these glass 
substrates is located in a line along with the orientation film formed in each glass substrate, and 
can carry out the variation rate of the molecular arrangement by impressing an electrical 
potential difference to the electrode of each glass substrate. And since a refractive index 
changes in connection with the variation rate of this liquid crystal molecule to the polarization 
component of a direction which met the orientation film, it is possible to change the phase of the 
transmitted light. On the other hand, to polarization of the orientation film and the rectangular 
direction, irrespective of impression of an electrical potential difference, since a refractive index 
is fixed, a phase change does not happen. 

[0005] Next, what is necessary is just to make the distribution of voltage impressed to liquid 
crystal, in order to give phase distribution to the transmitted light of polarization parallel to such 
orientation film. As an easy approach for that, an electrode is formed with the electrode divided 
or more into at least two, and there is a method of applying separately the electrical potential 
difference according to desired phase distribution to these electrodes. By such approach, the 
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distribution of voltage corresponding to the number of electrodes and applied voltage is formed, 
and it becomes possible to give desired phase distribution in approximation to the transmitted 
light In this case, such ideal phase distribution can be generated that the number of partitions is 
fine, of course. 

[0006] Moreover, there is the approach of constituting the field configuration of the field which 
puts the liquid crystal of each glass substrate as other methods of giving the distribution of 
voltage impressed to liquid crystal, so that the thickness of a liquid crystal molecule may serve 
as phase distribution and the similarity configuration of aberration. In this case, an electrode is 
formed in solid one to each substrate side, without dividing. And a uniform electrical potential 
difference is impressed to an electrode. By this approach, phase distribution of the transmitted 
light is decided by the thickness of the liquid crystal molecule to penetrate, and the electrical 
potential difference to impress. And if phase distribution contrary to the wave aberration which 
optical system in case there is no liquid crystal device in the transmitted light has is given, in 
respect of image formation, it will become non-aberration. 
[0007] 

[Problem(s) to be Solved by the Invention] However, in the wave aberration amendment means 
using the above liquid crystal devices, there are the following troubles generated in the optical 
path from a record medium to a photodetector. That is, when performing record / playback of a 
phase change mold disk, or playback of a ROM disk, for example, the polarization condition will lie 
at right angles by the optical path from laser to a quarter-wave length plate (henceforth 
lambda/4 plate), and the optical path from lambda/4 plate to a photodetector. Therefore, by the 
optical path from lambda/4 plate to a photodetector, even if it amends the aberration of the 
optical system of the optical path from laser to a record medium using a liquid crystal device, 
since the orientation film and polarization lie at right angles, the aberration of the optical path 
from a record medium to a photodetector is not amended. If a detection system detects a signal 
in this condition, when big aberration remains in the optical path from a record medium to a 
photodetector, the spot on a photodetector expands or deforms, exact detection becomes 
impossible and the problem that good record/playback cannot be performed arises. 
[0008] Then, the purpose of this invention is to offer the optical pickup which can amend the 
wave aberration produced in optical system proper by the liquid crystal device, and its wave 
aberration compensator, without being influenced by the light source of the wavelength plate 
arranged on the optical path which results in a photodetector through a record medium. 
[0009] 

[Means for Solving the Problem] This invention by carrying out incidence of the light from the 
light source to an optical recording medium, and detecting the reflected light with a 
photodetector, in order to attain said purpose While preparing the 1st liquid crystal device for 
wave aberration amendment in the 1st optical path to an optical recording medium from said light 
source in the optical pickup of the information recorded on said optical recording medium 
reproduced at least It is characterized by preparing the 2nd liquid crystal device for wave 
aberration amendment in the 2nd optical path to a photodetector from said optical recording 
medium. This invention moreover, by carrying out incidence of the light from the light source to 
an optical recording medium, and detecting the reflected light with a photodetector In the wave 
aberration compensator of the optical pickup of the information recorded on said optical 
recording medium reproduced at least It is characterized by having the 1st liquid crystal device 
for wave aberration amendment arranged at the 1st optical path to an optical recording medium 
from said light source, and the 2nd liquid crystal device for wave aberration amendment arranged 
at the 2nd optical path to a photodetector from said optical recording medium. 
[0010] In the optical pickup of this invention, the 1st liquid crystal device for wave aberration 
amendment is prepared in the 1st optical path to an optical recording medium from the light 
source, and the wave aberration of the light which carries out incidence to an optical recording 
medium is amended. Moreover, the 2nd liquid crystal device for wave aberration amendment is 
prepared in the 2nd optical path to a photodetector from an optical recording medium, and the 
wave aberration of the light which reflects from an optical recording medium and carries out 
incidence to a photodetector is amended. Therefore, since the aberration of the optical path 
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from an optical recording medium to a photodetector can also be amended by having newly 
prepared especially the 2nd liquid crystal device, the good detection condition of a focal error 
signal, a tracking error signal, and a RF signal becomes possible, for example, and it becomes 
possible to contribute to the improvement in the engine performance of the optical pickup in the 
case of amending big aberration. 

[0011] Moreover, with the wave aberration compensator of this invention, similarly, the 1st liquid 
crystal device for wave aberration amendment is prepared in the 1st optical path to an optical 
recording medium from the light source, and the wave aberration of the light which carries out 
incidence to an optical recording medium is amended. Moreover, the 2nd liquid crystal device for 
wave aberration amendment is prepared in the 2nd optical path to a photodetector from an 
optical recording medium, and the wave aberration of the light which reflects from an optical 
recording medium and carries out incidence to a photodetector is amended. Therefore, since the 
aberration of the optical path from an optical recording medium to a photodetector can also be 
amended by having newly prepared especially the 2nd liquid crystal device, the good detection 
condition of a focal error signal, a tracking error signal, and a RF signal becomes possible, for 
example, and it becomes possible to contribute to the improvement in the engine performance of 
the optical pickup in the case of amending big aberration. 
[0012] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of the optical pickup by this 
invention and its wave aberration compensator is explained. In addition, in the following 
explanation, although the gestalt of the operation explained below is the suitable example of this 
invention and desirable various limitation is attached technically, especially the range of this 
invention shall not be limited to these modes, as long as there is no publication of the purport 
which limits this invention. 

[0013] With the gestalt of this operation, as additional arrangement of the liquid crystal device is 
carried out and orientation of the liquid crystal is carried out to the optical path (the 2nd optical 
path) from lambda/4 plate to a photodetector in the polarization direction of return light apart 
from the liquid crystal device of the optical path (the 1st optical path) from the laser light source 
in the conventional example mentioned above to a record medium, the aberration of return is 
amended. Since polarization conditions differ 90 degrees by going and return, aberration is 
independently amended by such configuration, respectively. As long as the location which 
arranges this liquid crystal device is the optical path of return, it may be good anywhere, and it 
may be a location where return has lapped with going. 

[0014] Consequently, also in the optical path from a record medium to a photodetector, wave 
aberration can be amended good. Therefore, it becomes possible to perform record/playback 
good, without the spot on a photodetector expanding or deforming. In addition, since the 
aberration generally generated in the 1st optical path from laser to lambda/4 plate and the 
aberration generated in the 2nd optical path from a record medium to a photodetector are 
mutually equal, the amount of amendments of the liquid crystal device which amends the 
aberration of the 1st optical path from laser to lambda/4 plate, and the liquid crystal device 
which amends the aberration of the 2nd optical path from a record medium to a photodetector is 
the same, and good. That is, the amount and distribution which orientation only lies at right 
angles and control the liquid crystal device of two sheets will become the same. 
[0015] Hereafter, the concrete example in the gestalt of this operation is explained to a detail 
using a drawing. 

(The 1st example) Drawing 1 is the approximate account Fig. showing the configuration of the 
optical system of the optical pickup by the 1st example of this invention. An optical disk 8 is a 
phase change mold disk or a ROM disk of a metal membrane, cover glass 7 is penetrated, laser 
light is irradiated by the signal recording surface, and the pit pattern recorded on the signal 
recording surface is read by the optical pickup. An optical pickup has the biaxial actuator 9 
carrying an objective lens 6, by drive control of this biaxial actuator 9, moves an objective lens 6 
in the direction of a focus, and the direction of tracking, and performs access to an optical disk 
8. 

[0016] A collimator lens 2, a polarization beam splitter (optical branching component) 3, liquid 
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crystal device A4, the liquid crystal device B10, and the quarter-wave length plate (phase 
control component) 5 are formed in the optical path between the laser light source (LD) 1 and an 
objective lens 6. Moreover, the focusing glass 11 and the multi-lens 12 are formed in the optical 
path of a polarization beam splitter 3 and a photodetector 13. Among these, liquid crystal device 
A4 and a liquid crystal device B10 constitute the wave aberration compensator in this gestalt, 
liquid crystal device A4 amends the wave aberration of the laser light which carries out incidence 
to an optical disk 8 from LD1, and a liquid crystal device B10 amends the wave aberration of the 
return laser light reflected with the optical disk 8. In addition, since it is the same configuration 
as usual, others are omitted for details. 

[0017] Next, the configuration and actuation of a wave aberration compensator in the optical 
pickup of such this gestalt are explained. Drawing 2 is liquid crystal device A4 used by this 
example, and the explanatory view showing the structure of B10. Liquid crystal device A4 used 
by this example and B10 change and arrange the include angle of the liquid crystal device 20 
which has common structure mutually, drawing 2 (A) shows the condition at the time of power- 
source OFF of a liquid crystal device 20, and drawing 2 (B) shows the condition at the time of 
power-source ON of a liquid crystal device 20. Moreover, drawing 2 (C) shows the forward plane 
structure of the electrode of a liquid crystal device 20. Like illustration, the liquid crystal device 
20 of this example closes the liquid crystal molecule 23 with the glass substrates 21 and 22 of a 
pair. The electrode layers 24 and 25 for impressing an electrical potential difference to liquid 
crystal are formed in the opposed face of each glass substrates 21 and 22 according to the 
power source 26, and the orientation film 27 and 28 is further formed inside each electrode 
layers 24 and 25. Moreover, as shown in drawing 2 (C), each electrode layers 24 and 25 are 
divided in the shape of a concentric circle, and acquire the distribution of voltage impressed to 
liquid crystal by impressing the electrical potential difference of level which is different in each 
division electrode layer. 

[0018] Such a liquid crystal device 20 has the array of the liquid crystal molecule which met the 
orientation film 27 and 28 at the time of OFF of a power source 26, as shown in drawing 2 (A). 
And since the liquid crystal molecule which was lying down along the direction of a field of each 
substrates 21 and 22 will start and a refractive index will change as shown in drawing 2 (B) if a 
power source 26 is turned on, it is possible to give phase distribution to the transmitted light. In 
this example, the variation rate of the phase distribution is carried out by the liquid crystal 
device B10 to the linearly polarized light of the laser light of the return trip (return) which is 
made to carry out the variation rate of the phase distribution, reflects from an optical disk 8, and 
carries out incidence to a photodetector 13 by liquid crystal device A4 to the linearly polarized 
light of the laser light of the outward trip (going) which carries out incidence to an optical disk 8 
by using such a liquid crystal device 20 for liquid crystal device A4 and B10. 
[0019] In addition, although the distribution of voltage impressed to liquid crystal with a division 
electrode was acquired in the liquid crystal device 20 shown in drawing 2 , the liquid crystal 
device 30 constituted so that a substrate configuration might instead be deformed and the 
thickness of a liquid crystal molecule might serve as phase distribution and the similarity 
configuration of aberration, as shown in drawing 3 may be used. That is, in the example shown in 
drawing 3 , the medial surface of one glass substrate 31 of a liquid crystal device 30 has a 
curvilinear configuration respectively like illustration, and solid formation of the orientation film 
37 and the electrode layer 34 is carried out at the medial surface of these glass substrates 31. 
Moreover, as shown in drawing 3 (C), the electrode layers 34 and 35 of a liquid crystal device 30 
are not divided, respectively, but an electrical potential difference common to the whole is 
impressed according to a power source 36. In addition, the glass substrate 32 and the liquid 
crystal molecule 33 of another side, and electrode layer 35 grade are as common as the example 
shown in drawing 2 mentioned above. Also in liquid crystal device A4 using such a liquid crystal 
device 30, and B10, liquid crystal device A4 mentioned above and the same operation as B10 can 
be acquired. 

[0020] Next, actuation of the wave aberration compensator of the above configurations is 
explained. First, desired phase distribution is given by 1st liquid crystal device A4 to which the 
linearly polarized light which faces to an optical disk 8 from the polarization beam splitter prism 
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(PBS) 3 has the orientation film 27 and 28 in the polarization direction. That is, in liquid crystal 
device A4, since the liquid crystal molecule which was lying down on the front face of each 
substrates 21 and 22 will start and a refractive index will change if an electrical potential 
difference is applied to each electrode layers 24 and 25, it is possible to give phase distribution 
to the transmitted light. On the other hand, since the 2nd liquid crystal device B10 is making the 
polarization direction and the orientation film cross at right angles, it does not affect the 
transmitted light in the optical path from LD1 to an optical disk 8. The light which penetrated 
liquid crystal device A4 turns into the circular polarization of light with lambda/4 plate 5, and is 
condensed in respect of the signal of an optical disk 8 with an objective lens 6. Here, the 
aberration of the optical system of an outward trip (going) is amended by the phase distribution 
given by liquid crystal device A4, and the spot of a diffraction limitation is obtained by the signal 
recording surface of an optical disk 8. 

[0021] Next, the light reflected with the optical disk 8 turns into the linearly polarized light which 
intersects perpendicularly with an outward trip through lambda/4 plate 5 again. This linearly 
polarized light can give desired phase distribution by the liquid crystal device B10 which has the 
orientation film 27 and 28 in that polarization direction. On the other hand, since the polarization 
direction and the orientation film 27 and 28 are made to cross at right angles in liquid crystal 
device A4, the transmitted light is not affected in the optical path from lambda/4 plate 5 to a 
photodetector 13. This amends the aberration of the light which has returned from the signal 
recording surface of an optical disk 8. The light which penetrated the liquid crystal device B10 is 
reflected by PBS3, and a focal error signal, a tracking error signal, and a RF signal are detected 
from the output of this photodetector 13 toward a photodetector 13. Here, if big aberration 
remains in return light, the spot on a photodetector 13 will expand or deform, exact detection 
cannot be performed, but in this example, since the aberration of return light is amended by the 
liquid crystal device B10, good detection is attained, in addition — a liquid crystal device — A4 - 

- a liquid crystal device — B — ten — physical relationship — < — A HREF — = — " — / — 
Tokujitu/tjitemdrw . — ipdl?N — 0000 — = — 237 — & — N — 0500 — = — one — E.N — /- 
-; — >—; — = — : — > — 88 —; — /—/—/—& — N — 0001 — = — 815 — & — N — 
0552 — = — nine — & — N — 0553 — = — 000003 — " — TARGET — = — "tjitemdrw" — > 

— drawing 1 — being shown — arrangement — reverse — even if — being the same — 
effectiveness — obtaining — having . 

[0022] (The 2nd example) Drawing 4 is the approximate account Fig. showing the configuration of 
the optical system of the optical pickup by the 2nd example of this invention. This 2nd example 
changes two liquid crystal device A4 mentioned above and arrangement of B10, and since others 
are the same as that of the 1st example of the above, a common configuration is explained using 
the same sign. Although arranged between PBS3 and lambda/4 plate 5 like [ A4 / 1st / liquid 
crystal device ] the 1st example in this example, the 2nd liquid crystal device B10 is arranged 
between PBS3 and a focusing glass 11. In addition, also in this example, the configuration of 
liquid crystal device A4 and B10 the very thing shall be the same as that of the 1st example, for 
example, what is shown in drawing 2 or drawing 3 shall be used. 

[0023] Next, actuation of the wave aberration compensator of the above configurations is 
explained. The linearly polarized light which faces to an optical disk 8 from PBS3 can give 
desired phase distribution by liquid crystal device A4 which has the orientation film 27 and 28 in 
the polarization direction. The light which penetrated liquid crystal device A4 turns into the 
circular polarization of light with lambda/4 plate 5, and is condensed by the signal recording 
surface of an optical disk 8 with an objective lens 6. The aberration of the optical system of an 
outward trip (going) is amended by the phase distribution given by liquid crystal device A4, and 
the spot of a diffraction limitation is obtained by the signal recording surface of an optical disk 8. 
And the light reflected with the optical disk 8 turns into the linearly polarized light which 
intersects perpendicularly with an outward trip (going) through lambda/4 plate 5 again. This 
linearly polarized light is reflected by PBS3, and desired phase distribution can be given by the 
liquid crystal device B10 which has the orientation film in that polarization direction. This amends 
the aberration of the light which has returned from the signal recording surface of an optical disk 
8. As for the light which penetrated the liquid crystal device B10, a focal error signal, a tracking 
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error signal, and a RF signal are detected toward a photodetector 13. Here, if big aberration 
remains in return light the spot on a photodetector 13 will expand or deform, exact detection 
cannot be performed, but since the aberration of return light is amended by the liquid crystal 
device B10 in this example, good detection is attained. 

[0024] (The 3rd example) Drawing 5 is the approximate account Fig. showing the configuration of 
the optical system of the optical pickup by the 3rd example of this invention. Two liquid crystal 
device A4 which also mentioned this 3rd example above, and arrangement of B10 are changed, 
and since others are the same as that of the 1st example of the above, a common configuration 
is explained using the same sign. This example is arranged between a collimator lens 2 and PBS3, 
and 1st liquid crystal device A4 arranges the 2nd liquid crystal device B10 between PBS3 and a 
focusing glass 1 1 like the 2nd example. In addition, also in this example, the configuration of liquid 
crystal device A4 and B10 the very thing shall be the same as that of the 1st example, for 
example, what is shown in drawing 2 or drawing 3 shall be used. 

[0025] Next, actuation of the wave aberration compensator of the above configurations is 
explained. The linearly polarized light which goes to PBS3 from LD1 can give desired phase 
distribution by liquid crystal device A4 which has the orientation film 27 and 28 in the 
polarization direction. The light which penetrated liquid crystal device A4 penetrates PBS3, turns 
into the circular polarization of light with lambda/4 plate 5, and is condensed by the signal 
recording surface of an optical disk 8 with an objective lens 6. The aberration of the optical 
system of an outward trip (going) is amended by the phase distribution given by liquid crystal 
device A4, and the spot of the signal diffraction limitation of an optical disk 8 is obtained. 
Moreover, the light reflected with the optical disk 8 turns into the linearly polarized light which 
intersects perpendicularly with an outward trip (going) through lambda/4 plate 5 again. This 
linearly polarized light is reflected by PBS3, and desired phase distribution can be given by the 
liquid crystal device B10 which has the orientation film 27 and 28 in that polarization direction. 
This amends the aberration of the light which has returned from the signal recording surface of 
an optical disk 8. And as for the light which penetrated this liquid crystal device B10, a focal 
signal error, a tracking error signal, and a RF signal are detected toward a photodetector 13. 
Here, if big aberration remains in return light, the spot on a photodetector 13 will expand or 
deform, exact detection cannot be performed, but in this example, since the aberration of return 
light is amended by the liquid crystal device B10, good detection is attained by it 
[0026] (The 4th example) Drawing 6 is the approximate account Fig. showing the configuration of 
the optical system of the optical pickup by the 4th example of this invention. Two liquid crystal 
device A4 which also mentioned this 4th example above, and arrangement of B10 are changed, 
and since others are the same as that of the 1st example of the above, a common configuration 
is explained using the same sign. This example is arranged between a collimator lens 2 and PBS3 
like the 3rd example, and 1st liquid crystal device A4 arranges the 2nd liquid crystal device B10 
between PBS3 and lambda/4 plate 5 like the 1st example. In addition, also in this example, the 
configuration of liquid crystal device A4 and B10 the very thing shall be the same as that of the 
1st example, for example, what is shown in drawing 2 or drawing 3 shall be used. 
[0027] Next, actuation of the wave aberration compensator of the above configurations is 
explained. The linearly polarized light which goes to PBS3 from LD1 can give desired phase 
distribution by liquid crystal device A4 which has the orientation film in the polarization direction. 
And the light which penetrated this liquid crystal device A4 penetrates PBS3, and it carries out 
incidence to a liquid crystal device B10. Since this liquid crystal device B10 is making the 
polarization direction and the orientation film cross at right angles, it does not affect the 
transmitted light Next, the light which penetrated liquid crystal device A4 turns into the circular 
polarization of light with lambda/4 plate 5, and is condensed by the signal recording surface of an 
optical disk 8 with an objective lens 6. The aberration of such optical system of an outward trip 
(going) is amended by the phase distribution given by liquid crystal device A4 t and the spot of a 
diffraction limitation is obtained by the signal recording surface of an optical disk 8. 
[0028] Next, the light reflected with the optical disk 8 turns into the linearly polarized light which 
intersects perpendicularly with an outward trip (going) through lambda/4 plate 5 again. This 
linearly polarized light can give desired phase distribution by the liquid crystal device B10 which 
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has the orientation film in that polarization direction. This amends the aberration of the light 
which has returned from the signal recording surface of an optical disk 8. And the light which 
penetrated this liquid crystal device B10 is reflected by PBS3, and a focal error signal, a tracking 
error signal, and a RF signal are detected toward a photodetector 13. Here, if big aberration 
remains in return light, the spot on a photodetector 13 will expand or deform, exact detection 
cannot be performed, but in this example, since the aberration of return light is amended by the 
liquid crystal device B10, good detection is attained. 

[0029] (The 5th example) Drawing 7 is the approximate account Fig. showing the configuration of 
the optical system of the optical pickup by the 5th example of this invention. This 5th example is 
an example which has arranged the liquid crystal device 60 which unified these two liquid crystal 
devices between PBS3 and lambda/4 plate 5 instead of two liquid crystal device A4 mentioned 
above and B10, and since others are the same as that of the 1st example of the above, a 
common configuration is explained using the same sign. Drawing 8 is the sectional view showing 
the structure of a liquid crystal device 60, drawing 8 (A) shows the condition at the time of 
power-source OFF, and drawing 8 (B) shows the condition at the time of power-source ON. 
Moreover, drawing 8 (C) shows the forward plane structure of the electrode of a liquid crystal 
device 60. 

[0030] This liquid crystal device 60 unifies two liquid crystal devices 60A and 60B with the 
plate-like intermediate glass substrate 61, and like the liquid crystal device 30 which showed the 
glass substrates 62 and 63 of both sides to drawing 3 , it is formed in the shape of [ like / in 
each medial surface / illustration ] a curve, and it constitutes them so that the thickness of 
each liquid crystal molecules 64 and 65 may serve as phase distribution and the similarity 
configuration of aberration. In liquid crystal device 60A, an electrode layer 70 and the orientation 
film 72 are formed in the medial surface of the outside glass substrate 62 by solid one, an 
electrode layer 71 and the orientation film 73 are formed in the medial surface of the 
intermediate glass substrate 61 at a plane, and the closure of the liquid crystal molecule 64 is 
carried out between them. The orientation of the liquid crystal molecule 64 of this liquid crystal 
device 60A is arranged towards return polarization along the substrate side at the time of 
power-source OFF, as shown in drawing 8 (A). 

[0031] On the other hand, in liquid crystal device 60B, an electrode layer 74 and the orientation 
film 76 are formed in the medial surface of the outside glass substrate 63 by solid one, an 
electrode layer 75 and the orientation film 77 are formed in the medial surface of the 
intermediate glass substrate 61 at a plane, and the closure of the liquid crystal molecule 65 is 
carried out between them. The orientation of the liquid crystal molecule 65 of this liquid crystal 
device 60B is arranged towards going polarization along the substrate side at the time of power- 
source OFF, as shown in drawing 8 (A). And in such a liquid crystal device 60, ON of the power 
sources 66 and 67 of each liquid crystal devices 60A and 60B arranges each liquid crystal 
molecules 64 and 65 along the transparency direction of light, as shown in drawing 8 (B). In 
addition, the same effectiveness is acquired even if the physical relationship of liquid crystal 
device 60A in such a liquid crystal device 60 and liquid crystal device 60B is reverse. 
[0032] Next, actuation of the wave aberration compensator of the above configurations is 
explained. The linearly polarized light which faces to an optical disk 8 from PBS3 penetrates a 
liquid crystal device 60. As for two liquid crystal devices 60A and 60B which constitute this liquid 
crystal device 60, the orientation of each liquid crystal molecule can give desired phase 
distribution by liquid crystal device 60A (liquid crystal device A4) which lies at right angles 
mutually and has the orientation film in that polarization direction, as for the light of an outward 
trip (going). Moreover, liquid crystal device 60B (liquid crystal device B10) which has this and the 
orientation of 90 degrees does not affect phase distribution of light. And the light which 
penetrated this liquid crystal device 60 turns into the circular polarization of light with lambda/4 
plate 5, and is condensed by the signal recording surface of an optical disk 8 with an objective 
lens 6. The aberration of the optical system of an outward trip (going) is amended by the phase 
distribution given by liquid crystal device 60A, and the spot of a diffraction limitation is obtained 
by the signal recording surface of an optical disk 8. 

[0033] Next, the light reflected with the optical disk 8 turns into the linearly polarized light which 
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intersects perpendicularly with an outward trip (going) through lambda/4 plate 5 again. This 
linearly polarized light can give desired phase distribution by liquid crystal device 60B which has 
the orientation film in that polarization direction. The aberration of the light which has returned 
from the signal recording surface of an optical disk 8 by this is amended. Moreover, liquid crystal 
device 60A which has this and the orientation of 90 degrees does not affect phase distribution of 
light The light which penetrated the liquid crystal device 60 is reflected by PBS3, and a focal 
error signal, a tracking error signal, and a RF signal are detected toward a photodetector 13. 
Here, if big aberration remains in return light, the spot on a photodetector 13 will expand or 
deform, exact detection cannot be performed, but since the aberration of return light is amended 
by liquid crystal device 60B in this example, good detection is attained. 
[0034] In addition, it is possible to drive two liquid crystal devices A and B which perform 
aberration amendment of going and return by the objective lens 6 and one in each above 
example, and this is desirable. That is, when an objective lens 6 drives in the direction of 
tracking, eccentricity is carried out to the core of liquid crystal, and there is a possibility that 
aberration may occur. Then, it is possible to really prevent this by drive. Moreover, although each 
above example explained the example which used the optical recording medium as the optical 
disk, this invention is applicable similarly about systems, such as not only this but an optical 
card, and a magneto-optic disk. Moreover, in this invention, what [ not only ] carries the light 
source and a photodetector in an optical head block, and moves to one but the thing of the 
structure which has arranged the light source and a photodetector fixed independently with the 
optical head block shall be included with an optical pickup. 
[0035] 

[Effect of the Invention] The 1st liquid crystal device for wave aberration amendment is prepared 
in the 1st optical path to [ as explained above / according to the optical pickup of this 
invention ] an optical recording medium from the light source, while amending the wave 
aberration of the light which carries out incidence to an optical recording medium, the 2nd liquid 
crystal device for wave aberration amendment can be prepared in the 2nd optical path to a 
photodetector from an optical recording medium, and the wave aberration of the light which 
reflects from an optical recording medium and carries out incidence to a photodetector can be 
amended. Therefore, since the aberration of the optical path from an optical recording medium to 
a photodetector can also be amended by having newly prepared especially the 2nd liquid crystal 
device, the good detection condition of a focal error signal, a tracking error signal, and a RF 
signal becomes possible, for example, and it becomes possible to contribute to the improvement 
in the engine performance of the optical pickup in the case of amending big aberration. 
[0036] Moreover, the 1st liquid crystal device for wave aberration amendment is prepared in the 
1st optical path to [ according to the wave aberration compensator of this invention ] an optical 
recording medium from the light source, and while amending the wave aberration of the light 
which carries out incidence to an optical recording medium, the wave aberration of the light 
which prepares the 2nd liquid crystal device for wave aberration amendment in the 2nd optical 
path to a photodetector from an optical recording medium, reflects from an optical recording 
medium, and carries out incidence to a photodetector can be amended. Therefore, since the 
aberration of the optical path from an optical recording medium to a photodetector can also be 
amended by having newly prepared especially the 2nd liquid crystal device, the good detection 
condition of a focal error signal, a tracking error signal, and a RF signal becomes possible, for 
example, and it becomes possible to contribute to the improvement in the engine performance of 
the optical pickup in the case of amending big aberration. 
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* NOTICES * 
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LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the optical pickup used for various optical 
recording and/or regenerative apparatus, such as an optical disc system, an optical MAG disc 
system, and an optical card system, and its wave aberration compensator. 
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PRIOR ART 



[Description of the Prior Art] In recent years, in order to raise the storage capacity of an optical 
disk in various kinds of record/regenerative apparatus using an optical disk, the semiconductor 
laser (LD) of short wavelength is used as the light source of an optical pickup, and the lens with 
a numerical aperture NA high as an objective lens is used. That is, with CD, with 780nm and 
DVD, like 650nm, the wavelength of the laser used for the light source of an optical pickup is 
short as recording density becomes high. On the other hand, NA of an objective lens is large as 
recording density becomes high like [ NA / in CD it is called 0.45, and / DVD ] 0.60. Moreover, 
recently, the high NA objective lens 0.85 is used for development of an optical disk with LD of 
the purple-blue color of 405nm. 

[0003] However, if the wavelength of LD becomes short in this way and NA of an objective lens 
becomes large, wave aberration will increase easily to various manufacture errors, and the 
problem that optical-character ability deteriorates will arise. Then, more various approaches than 
before can be considered as an approach of amending this wave aberration, and there is a 
method of using a liquid crystal device for one of them. This inserts a liquid crystal device 
between laser and an objective lens, and gives desired phase distribution to the transmitted light. 
That is, a non-aberration condition is acquired in respect of image formation by giving a phase 
contrary to wave aberration beforehand to the incident light of an objective lens. 
[0004] Hereafter, how to give phase distribution to the transmitted light by the liquid crystal 
device is explained. First, the glass flat-surface substrate is usually used for two substrates 
which generally close the liquid crystal molecule of a liquid crystal device, and the electrode is 
formed in these glass substrates so that an electrical potential difference can be impressed to 
liquid crystal. And the liquid crystal molecule by which the closure is carried out into these glass 
substrates is located in a line along with the orientation film formed in each glass substrate, and 
can carry out the variation rate of the molecular arrangement by impressing an electrical 
potential difference to the electrode of each glass substrate. And since a refractive index 
changes in connection with the variation rate of this liquid crystal molecule to the polarization 
component of a direction which met the orientation film, it is possible to change the phase of the 
transmitted light. On the other hand, to polarization of the orientation film and the rectangular 
direction, irrespective of impression of an electrical potential difference, since a refractive index 
is fixed, a phase change does not happen. 

[0005] Next, what is necessary is just to make the distribution of voltage impressed to liquid 
crystal, in order to give phase distribution to the transmitted light of polarization parallel to such 
orientation film. As an easy approach for that, an electrode is formed with the electrode divided 
or more into at least two, and there is a method of applying separately the electrical potential 
difference according to desired phase distribution to these electrodes. By such approach, the 
distribution of voltage corresponding to the number of electrodes and applied voltage is formed, 
and it becomes possible to give desired phase distribution in approximation to the transmitted 
light In this case, such ideal phase distribution can be generated that the number of partitions is 
fine, of course. 

[0006] Moreover, there is the approach of constituting the field configuration of the field which 
puts the liquid crystal of each glass substrate as other methods of giving the distribution of 
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voltage impressed to liquid crystal, so that the thickness of a liquid crystal molecule may serve 
as phase distribution and the similarity configuration of aberration. In this case, an electrode is 
formed in solid one to each substrate side, without dividing. And a uniform electrical potential 
difference is impressed to an electrode. By this approach, phase distribution of the transmitted 
light is decided by the thickness of the liquid crystal molecule to penetrate, and the electrical 
potential difference to impress. And if phase distribution contrary to the wave aberration which 
optical system in case there is no liquid crystal device in the transmitted light has is given, in 
respect of image formation, it will become non-aberration. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] The 1st liquid crystal device for wave aberration amendment is prepared 
in the 1st optical path to [ as explained above / according to the optical pickup of this 
invention ] an optical recording medium from the light source, while amending the wave 
aberration of the light which carries out incidence to an optical recording medium, the 2nd liquid 
crystal device for wave aberration amendment can be prepared in the 2nd optical path to a 
photodetector from an optical recording medium, and the wave aberration of the light which 
reflects from an optical recording medium and carries out incidence to a photodetector can be 
amended. Therefore, since the aberration of the optical path from an optical recording medium to 
a photodetector can also be amended by having newly prepared especially the 2nd liquid crystal 
device, the good detection condition of a focal error signal, a tracking error signal, and a RF 
signal becomes possible, for example, and it becomes possible to contribute to the improvement 
in the engine performance of the optical pickup in the case of amending big aberration. 
[0036] Moreover, the 1st liquid crystal device for wave aberration amendment is prepared in the 
1st optical path to [ according to the wave aberration compensator of this invention ] an optical 
recording medium from the light source, and while amending the wave aberration of the light 
which carries out incidence to an optical recording medium, the wave aberration of the light 
which prepares the 2nd liquid crystal device for wave aberration amendment in the 2nd optical 
path to a photodetector from an optical recording medium, reflects from an optical recording 
medium, and carries out incidence to a photodetector can be amended. Therefore, since the 
aberration of the optical path from an optical recording medium to a photodetector can also be 
amended by having newly prepared especially the 2nd liquid crystal device, the good detection 
condition of a focal error signal, a tracking error signal, and a RF signal becomes possible, for 
example, and it becomes possible to contribute to the improvement in the engine performance of 
the optical pickup in the case of amending big aberration. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, in the wave aberration amendment means 
using the above liquid crystal devices, there are the following troubles generated in the optical 
path from a record medium to a photodetector. That is, when performing record / playback of a 
phase change mold disk, or playback of a ROM disk, for example, the polarization condition will lie 
at right angles by the optical path from laser to a quarter-wave length plate (henceforth 
lambda/4 plate), and the optical path from lambda/4 plate to a photodetector. Therefore, by the 
optical path from lambda/4 plate to a photodetector, even if it amends the aberration of the 
optical system of the optical path from laser to a record medium using a liquid crystal device, 
since the orientation film and polarization lie at right angles, the aberration of the optical path 
from a record medium to a photodetector is not amended. If a detection system detects a signal 
in this condition, when big aberration remains in the optical path from a record medium to a 
photodetector, the spot on a photodetector expands or deforms, exact detection becomes 
impossible and the problem that good record/playback cannot be performed arises. 
[0008] Then, the purpose of this invention is to offer the optical pickup which can amend the 
wave aberration produced in optical system proper by the liquid crystal device, and its wave 
aberration compensator, without being influenced by the light source of the wavelength plate 
arranged on the optical path which results in a photodetector through a record medium. 
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MEANS 



[Means for Solving the Problem] This invention by carrying out incidence of the light from the 
light source to an optical recording medium, and detecting the reflected light with a 
photo detector, in order to attain said purpose While preparing the 1st liquid crystal device for 
wave aberration amendment in the 1st optical path to an optical recording medium from said light 
source in the optical pickup of the information recorded on said optical recording medium 
reproduced at least It is characterized by preparing the 2nd liquid crystal device for wave 
aberration amendment in the 2nd optical path to a photodetector from said optical recording 
medium. Moreover, this invention is characterized by the wave aberration compensator of the 
optical pickup of the information recorded on said optical recording medium reproduced at least 
possessing the following by carrying out incidence of the light from the light source to an optical 
recording medium, and detecting the reflected light with a photodetector. The 1st liquid crystal 
device for wave aberration amendment arranged at the 1st optical path to an optical recording 
medium from said light source The 2nd liquid crystal device for wave aberration amendment 
arranged at the 2nd optical path to a photodetector from said optical recording medium 
[0010] In the optical pickup of this invention, the 1st liquid crystal device for wave aberration 
amendment is prepared in the 1st optical path to an optical recording medium from the light 
source, and the wave aberration of the light which carries out incidence to an optical recording 
medium is amended. Moreover, the 2nd liquid crystal device for wave aberration amendment is 
prepared in the 2nd optical path to a photodetector from an optical recording medium, and the 
wave aberration of the light which reflects from an optical recording medium and carries out 
incidence to a photodetector is amended. Therefore, since the aberration of the optical path 
from an optical recording medium to a photodetector can also be amended by having newly 
prepared especially the 2nd liquid crystal device, the good detection condition of a focal error 
signal, a tracking error signal, and a RF signal becomes possible, for example, and it becomes 
possible to contribute to the improvement in the engine performance of the optical pickup in the 
case of amending big aberration. 

[0011] Moreover, with the wave aberration compensator of this invention, similarly, the 1st liquid 
crystal device for wave aberration amendment is prepared in the 1st optical path to an optical 
recording medium from the light source, and the wave aberration of the light which carries out 
incidence to an optical recording medium is amended. Moreover, the 2nd liquid crystal device for 
wave aberration amendment is prepared in the 2nd optical path to a photodetector from an 
optical recording medium, and the wave aberration of the light which reflects from an optical 
recording medium and carries out incidence to a photodetector is amended. Therefore, since the 
aberration of the optical path from an optical recording medium to a photodetector can also be 
amended by having newly prepared especially the 2nd liquid crystal device, the good detection 
condition of a focal error signal, a tracking error signal, and a RF signal becomes possible, for 
example, and it becomes possible to contribute to the improvement in the engine performance of 
the optical pickup in the case of amending big aberration. 
[0012] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of the optical pickup by this 
invention and its wave aberration compensator is explained. In addition, in the following 
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explanation, although the gestalt of the operation explained below is the suitable example of this 
invention and desirable various limitation is attached technically, especially the range of this 
invention shall not be limited to these modes, as long as there is no publication of the purport 
which limits this invention. 

[0013] With the gestalt of this operation, as additional arrangement of the liquid crystal device is 
carried out and orientation of the liquid crystal is carried out to the optical path (the 2nd optical 
path) from lambda/4 plate to a photodetector in the polarization direction of return light apart 
from the liquid crystal device of the optical path (the 1st optical path) from the laser light source 
in the conventional example mentioned above to a record medium, the aberration of return is 
amended. Since polarization conditions differ 90 degrees by going and return, aberration is 
independently amended by such configuration, respectively. As long as the location which 
arranges this liquid crystal device is the optical path of return, it may be good anywhere, and it 
may be a location where return has lapped with going. 

[0014] Consequently, also in the optical path from a record medium to a photodetector, wave 
aberration can be amended good. Therefore, it becomes possible to perform record/playback 
good, without the spot on a photodetector expanding or deforming. In addition, since the 
aberration generally generated in the 1st optical path from laser to lambda/4 plate and the 
aberration generated in the 2nd optical path from a record medium to a photodetector are 
mutually equal, the amount of amendments of the liquid crystal device which amends the 
aberration of the 1st optical path from laser to lambda/4 plate, and the liquid crystal device 
which amends the aberration of the 2nd optical path from a record medium to a photodetector is 
the same, and good. That is, the amount and distribution which orientation only lies at right 
angles and control the liquid crystal device of two sheets will become the same. 
[0015] Hereafter, the concrete example in the gestalt of this operation is explained to a detail 
using a drawing. 
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EXAMPLE 



(The 1st example) Drawing 1 is the approximate account Fig. showing the configuration of the 
optical system of the optical pickup by the 1st example of this invention. An optical disk 8 is a 
phase change mold disk or a ROM disk of a metal membrane, cover glass 7 is penetrated, laser 
light is irradiated by the signal recording surface, and the pit pattern recorded on the signal 
recording surface is read by the optical pickup. An optical pickup has the biaxial actuator 9 
carrying an objective lens 6, by drive control of this biaxial actuator 9, moves an objective lens 6 
in the direction of a focus, and the direction of tracking, and performs access to an optical disk 
8. 

[0016] A collimator lens 2, a polarization beam splitter (optical branching component) 3, liquid 
crystal device A4, the liquid crystal device B10, and the quarter-wave length plate (phase 
control component) 5 are formed in the optical path between the laser light source (LD) 1 and an 
objective lens 6. Moreover, the focusing glass 11 and the multi-lens 12 are formed in the optical 
path of a polarization beam splitter 3 and a photodetector 13. Among these, liquid crystal device 
A4 and a liquid crystal device B10 constitute the wave aberration compensator in this gestalt, 
liquid crystal device A4 amends the wave aberration of the laser light which carries out incidence 
to an optical disk 8 from LD1, and a liquid crystal device B10 amends the wave aberration of the 
return laser light reflected with the optical disk 8. In addition, since it is the same configuration 
as usual, others are omitted for details. 

[0017] Next, the configuration and actuation of a wave aberration compensator in the optical 
pickup of such this gestalt are explained. Drawing 2 is liquid crystal device A4 used by this 
example, and the explanatory view showing the structure of B10. Liquid crystal device A4 used 
by this example and B10 change and arrange the include angle of the liquid crystal device 20 
which has common structure mutually, drawing 2 (A) shows the condition at the time of power- 
source OFF of a liquid crystal device 20, and drawing 2 (B) shows the condition at the time of 
power-source ON of a liquid crystal device 20. Moreover, drawing 2 (C) shows the forward plane 
structure of the electrode of a liquid crystal device 20. Like illustration, the liquid crystal device 
20 of this example closes the liquid crystal molecule 23 with the glass substrates 21 and 22 of a 
pair. The electrode layers 24 and 25 for impressing an electrical potential difference to liquid 
crystal are formed in the opposed face of each glass substrates 21 and 22 according to the 
power source 26, and the orientation film 27 and 28 is further formed inside each electrode 
layers 24 and 25. Moreover, as shown in drawing 2 (C), each electrode layers 24 and 25 are 
divided in the shape of a concentric circle, and acquire the distribution of voltage impressed to 
liquid crystal by impressing the electrical potential difference of level which is different in each 
division electrode layer. 

[0018] Such a liquid crystal device 20 has the array of the liquid crystal molecule which met the 
orientation film 27 and 28 at the time of OFF of a power source 26, as shown in drawing 2 (A). 
And since the liquid crystal molecule which was lying down along the direction of a field of each 
substrates 21 and 22 will start and a refractive index will change as shown in drawing 2 (B) if a 
power source 26 is turned on, it is possible to give phase distribution to the transmitted light. In 
this example, the variation rate of the phase distribution is carried out by the liquid crystal 
device B10 to the linearly polarized light of the laser light of the return trip (return) which is 
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made to carry out the variation rate of the phase distribution, reflects from an optical disk 8, and 
carries out incidence to a photodetector 13 by liquid crystal device A4 to the linearly polarized 
light of the laser light of the outward trip (going) which carries out incidence to an optical disk 8 
by using such a liquid crystal device 20 for liquid crystal device A4 and B10. 
[0019] In addition, although the distribution of voltage impressed to liquid crystal with a division 
electrode was acquired in the liquid crystal device 20 shown in drawing 2 , the liquid crystal 
device 30 constituted so that a substrate configuration might instead be deformed and the 
thickness of a liquid crystal molecule might serve as phase distribution and the similarity 
configuration of aberration, as shown in drawing 3 may be used. That is, in the example shown in 
drawing 3 , the medial surface of one glass substrate 31 of a liquid crystal device 30 has a 
curvilinear configuration respectively like illustration, and solid formation of the orientation film 
37 and the electrode layer 34 is carried out at the medial surface of these glass substrates 31. 
Moreover, as shown in drawing 3 (C), the electrode layers 34 and 35 of a liquid crystal device 30 
are not divided, respectively, but an electrical potential difference common to the whole is 
impressed according to a power source 36. In addition, the glass substrate 32 and the liquid 
crystal molecule 33 of another side, and electrode layer 35 grade are as common as the example 
shown in drawing 2 mentioned above. Also in liquid crystal device A4 using such a liquid crystal 
device 30, and B10, liquid crystal device A4 mentioned above and the same operation as B10 can 
be acquired. 

[0020] Next, actuation of the wave aberration compensator of the above configurations is 
explained. First, desired phase distribution is given by 1st liquid crystal device A4 to which the 
linearly polarized light which faces to an optical disk 8 from the polarization beam splitter prism 
(PBS) 3 has the orientation film 27 and 28 in the polarization direction. That is, in liquid crystal 
device A4, since the liquid crystal molecule which was lying down on the front face of each 
substrates 21 and 22 will start and a refractive index will change if an electrical potential 
difference is applied to each electrode layers 24 and 25, it is possible to give phase distribution 
to the transmitted light. On the other hand, since the 2nd liquid crystal device B10 is making the 
polarization direction and the orientation film cross at right angles, it does not affect the 
transmitted light in the optical path from LD1 to an optical disk 8. The light which penetrated 
liquid crystal device A4 turns into the circular polarization of light with lambda/4 plate 5, and is 
condensed in respect of the signal of an optical disk 8 with an objective lens 6. Here, the 
aberration of the optical system of an outward trip (going) is amended by the phase distribution 
given by liquid crystal device A4, and the spot of a diffraction limitation is obtained by the signal 
recording surface of an optical disk 8. 

[0021] Next, the light reflected with the optical disk 8 turns into the linearly polarized light which 
intersects perpendicularly with an outward trip through lambda/4 plate 5 again. This linearly 
polarized light can give desired phase distribution by the liquid crystal device B10 which has the 
orientation film 27 and 28 in that polarization direction. On the other hand, since the polarization 
direction and the orientation film 27 and 28 are made to cross at right angles in liquid crystal 
device A4, the transmitted light is not affected in the optical path from lambda/4 plate 5 to a 
photodetector 13. This amends the aberration of the light which has returned from the signal 
recording surface of an optical disk 8. The light which penetrated the liquid crystal device B10 is 
reflected by PBS3, and a focal error signal, a tracking error signal, and a RF signal are detected 
from the output of this photodetector 13 toward a photodetector 13. Here, if big aberration 
remains in return light, the spot on a photodetector 13 will expand or deform, exact detection 
cannot be performed, but in this example, since the aberration of return light is amended by the 
liquid crystal device B10, good detection is attained. In addition, the same effectiveness is 
acquired even if the physical relationship of liquid crystal device A4 and a liquid crystal device 
B10 is contrary to the arrangement shown in drawing 1 . 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view showing the example of a configuration of the optical 
system of the optical pickup in the 1st example of this invention. 

[Drawing 2] It is the explanatory view showing the 1st example of a liquid crystal device prepared 
in the optical pickup shown in drawing 1 . 

[Drawing 3] It is the explanatory view showing the 2nd example of a liquid crystal device 
prepared in the optical pickup shown in drawing 1 . 

[Drawing 4] It is the explanatory view showing the example of a configuration of the optical 
system of the optical pickup by the 2nd example of this invention. 

[Drawing 5] It is the explanatory view showing the example of a configuration of the optical 
system of the optical pickup by the 3rd example of this invention. 

[Drawing 6] It is the explanatory view showing the example of a configuration of the optical 
system of the optical pickup by the 4th example of this invention. 

[Drawing 7] It is the explanatory view showing the example of a configuration of the optical 
system of the optical pickup by the 5th example of this invention. 

[Drawing 8] It is the explanatory view showing the example of a liquid crystal device prepared in 
the optical pickup shown in drawing 7 . 
[Description of Notations] 

1 [ .. A liquid crystal device A, 5 / .. A quarter-wave length plate, 6 / .. An objective lens, 7 / .. 
Cover glass, 8 / .. An optical disk, 9 / .. A biaxial actuator, 10 / .. A liquid crystal device B, 1 1 / .. 
A focusing glass, 12 / .. A multi-lens, 13 / .. Photodetector. ] .... The laser light source (LD), 2 .. 
A collimator lens, 3 .. A polarization beam splitter (PBS), 4 
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[Drawing 4] 




[Drawing 3] 
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[Drawing 5] 
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[Drawing 7] 
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